Background: The incidence of proximal humeral fractures lies between 105 and 342 per 100 000 persons per year. Around the world, this type of fracture remains a major challenge for treating surgeons. While non-displaced fractures can be managed conservatively, displaced ones are often treated surgically.
Conclusion: Current evidence supports the individualized treatment of proximal humeral fractures. Treatment decisions must always be made jointly with the patient in consideration of his or her individual needs and characteristics. Particularly for elderly patients, the possibility of conservative treatment should be carefully considered. If conservative treatment is not possible, then the type of operation performed should also be a function of the surgeon's individual skills and experience with particular types of implant. P roximal humeral fractures ( Figure 1 ) are common, particularly in the elderly. Along with proximal femoral, distal radial, and vertebral-body fractures, they are a common type of osteoporotic fracture. Women are affected two to three times as often as men (1) . An analysis of the Finnish trauma registry revealed that the incidence of proximal humeral fracture rose from 32 to 105 per 100 000 persons per year between 1970 and 2002, along with a rise in the average age of affected women, from 73 to 78 (2) . In Hungary, health insurance data from 1999-2003 reveal an incidence of 342 per 100 000 persons per year; in emergency rooms in the USA, there were 61 consultations for proximal humeral fracture per 100 000 persons in the year 2008 (3, 4) .
Non-displaced proximal humeral fractures can be treated conservatively; displaced ones are often treated surgically. Osteoporosis is common in the elderly and makes surgery much harder. Because the population as a whole is aging, proximal humeral fracture is becoming an ever more prominent topic in trauma surgery. The proper choice of treatment depends on the specific characteristics of the fracture and of the patient. In this article, we selectively review the pertinent literature to survey the current treatment options for proximal humeral fracture.
History and mechanism of injury
In younger patients, proximal humeral fractures are usually caused by high-energy trauma, such as traffic accidents or sporting accidents. In older patients, the most common cause is a fall onto the outstretched arm from a standing position, which is a type of lowenergy trauma (2, 5) . unobtainable because of pain. Particularly for complex fracture types, computed tomography (CT) may yield important additional information about the size and position of the individual fragments and about potentially accompanying bony injuries, e.g., of the glenoid or coracoid process.
Fracture classification
The Neer classification is the one most frequently used in routine clinical situations. Neer modified the Codman four-fragment theory by taking account of the degree of displacement and by adding luxation and head-split fractures. He classified non-displaced fractures as "one-part fractures," because they can be considered a stable unit and can thus be treated conservatively. Neer defined the threshold values distinguishing mildly displaced from displaced fractures as 1 cm of displacement and/or 45% of angulation. Displaced fractures are classified as two-fragment, three-fragment, or four-fragment fractures. Anterior and posterior luxation fractures and head-split fractures are classified as separate entities (6) . The Neer classification has two main disadvantages: It does not account for all possible fracture morphologies, nor does it enable prognosis of necrosis of the humeral head.
Treatment
There are still no evidence-based schemes or guidelines for the treatment of proximal humeral fractures. Although proximal humeral fracture is among the more common types of fracture, very few randomized trials of its treatment have been published. The wide variety of fracture morphologies and treatment options, ranging from conservative treatment to various osteosynthetic methods to the implantation of an endoprosthesis, makes such trials difficult to initiate. There are no standardized and generally accepted threshold values, and the trials that have been performed at various centers are poorly comparable with one another because of the different criteria that they employed. The conclusion of a recent Cochrane review was that no evidence-based recommendations on the treatment of proximal humerus fracture can be derived from the currently available data (7) .
In younger patients, non-displaced or mildly displaced fractures are treated conservatively, while the treatment of choice for displaced proximal humerus fractures is anatomical reconstruction and osteosynthesis. In the elderly, the implantation of a prosthesis may need to be considered in order to restore painless, robust function of the humerus, and thus personal independence, as rapidly as possible.
It is problematic for the recommendation of any specific treatment that the threshold values posited by Neer to distinguish displaced from non-displaced fractures are not based on clinical or biomechanical data; rather, they are theoretical constructs (8) . Although Neer's values were long used as the standard for clinical decision-making, recent improvements in osteosynthetic techniques-above all, the development of fixed angle implants-have encouraged a trend toward operative treatment. Mildly displaced fractures are now considered an indication for surgery more commonly than before. Although it is often stated in the literature that 60% to 80% of nondisplaced or mildly displaced fractures can be treated conservatively (9) , certainly most such fractures are now treated surgically, and the threshold values for a surgical indication are now being set lower than in the past (10). Lill, for example, defines as displaced any fracture with a fragment displacement of 5 mm, an axial deviation of 20°, or a tubercle displacement of 2 mm (11). There is, however, still no consensus on these values. The particular treatment to be used should, therefore, be chosen individually with consideration of the patient's biological age and bone quality, accompanying illnesses, compliance, and personal wishes.
Conservative treatment
It is universally recognized that non-displaced fractures can be treated conservatively. In these fractures, the surrounding soft tissues are generally intact, and the periosteum, rotator cuff, and joint capsule serve to stabilize the fracture. Valgus impacted fractures are also a good indication for (Table) .
The conservative treatment of non-displaced or mildly displaced fractures generally yields good results. With adequate pain relief, shoulder mobility will generally reach about 85% of that on the opposite side.
The main complications are restriction of movement, necrosis of the head of the humerus, pain, subacromial impingement by a displaced greater tubercle, and the formation of a pseudarthrosis.
Surgical treatment
Fractures that do not meet the above criteria for conservative treatment should be treated surgically. Further indications for surgery include metaphyseal comminution, dislocated fractures, open fractures, head-split and anatomical neck fractures, and injuries to the neighboring blood vessels and nerves. In principle, a decision must be made whether to use a head-preserving or a head-replacing technique.
Osteosynthesis-Whatever type of implant is chosen, the goal of surgical reconstruction is always the anatomical reposition and stable fixation of the fracture. Displaced fractures of the greater and lesser tubercles are repositioned and stabilized with two small-fragment traction screws as long as the bone is of good enough quality and the fragments are of adequate size. If the fragment is too small, or when there are multiple fragments, refixation is achieved with cerclage or with suture anchors.
Fractures of the surgical neck of the humerus include the typical subcapital humeral fracture (a twofragment fracture) as well as most three-fragment and all four-fragment fractures. Many different options for osteosynthesis have been described. The most common ones are percutaneous K-wire osteosynthesis, plate osteosynthesis, and nail osteosynthesis.
Percutaneous K-wire osteosynthesis is mainly suitable for fractures without metaphyseal comminution. This method is technically demanding and can be performed only if closed reduction is possible. Because the approach is minimally invasive, the perfusion of the humeral head is not compromised. The disadvantages of percutaneous K-wire osteosynthesis include lesser stability and wire-related complications such as migration, infection, and joint per foration. Good clinical results can be obtained in experienced hands with strict patient selection (12) . Open reduction enables better manipulation of the fracture fragments and is therefore suitable for the treatment of any type of fracture with plate osteosynthesis. The manipulation of the fragments does, however, worsen their perfusion. Early functional therapy should be enabled in order to prevent shoulder stiffness. The introduction of fixed angle implants has led to a marked improvement of surgical treatment and to a clear trend away from conservative treatment and toward osteosynthesis. Osteosynthesis with a fixed angle implant is now the most commonly performed procedure (Figure 3) . This method has markedly improved the stability of osteosynthesis (13) . Although the approach works very well in younger patients, the care of osteoporotic fractures remains problematic. Even fixed angle implants are often not well anchored in osteoporotic bone, so that the goal of adequate stability to enable early physiotherapy may not be met. Indeed, in osteoporotic fractures, a fixed angle plate osteosynthesis is often too stable: The osteoporotic humeral head collapses while the fixed angle screws remain in place. The result is called "cutting out," a situation in which the screws perforate the joint. Early in the history of fixed angle plate osteosynthesis, its complication rate was found to be ca. 25%; this figure was confirmed in the prospective multicenter trial of Süd-kamp et al. (14) . 62 complications were registered in 52 (34%) of 155 patients. 40% of the complications were attributable to problems of surgical technique, most commonly intraoperative perforation of the humeral head by a screw. Further complications included plate fracture (1.9%), impingement (2.6%), pseud arthrosis (2.6%), wound infection (3.9%), loss of reposition (7.1%), and necrosis of the humeral head (3.9%) (14) .
Nail osteosynthesis is performed to combine the high stability of rigid implants with the soft-tissue preservation of minimally invasive techniques. Nailing is indicated in cases with marked metaphyseal comminution or spiral fractures extending into the humeral shaft. Recent trials comparing various types of modern fixed angle plate or nail with each other, or fixed angle plates with nails, did not reveal any clinical differences (15, 16) .
The often mediocre functional results and high complication rates of surgery for proximal humeral fractures in the elderly have fueled a debate in the current literature as to whether osteosynthesis offers elderly patients any advantage over conservative treatment. The first comparative trials in this area were published recently, including some small-scale randomized controlled trials. None of them showed surgery to be better than conservative treatment. Sanders et al. carried out a matched pairs analysis of 18 patients treated with fixed angle plate osteosynthesis and 18 conservatively treated patients: The latter group had better clinical results and fewer complications (17) . Similar findings were obtained by Fjalestad et al. in a matched pairs analysis in 2005 and then in a prospective randomized trial in 2012 (18, 19) . In another randomized trial, Olerud et al. found a trend toward better functional results in the patients who had been treated surgically with a fixed (24), comparable to that seen with conventional fracture prostheses. The current state of the evidence suggests that inverse fracture prostheses are an option for the treatment of non-reconstructible proximal humeral fractures in patients over age 65 with non-reconstructible defects of the rotator cuff. A critical point, however, is that options for surgical reversal are very limited after unsuccessful treatment with an inverse prosthesis, and reports of long-term results are lacking. In view of the high potential for complications and the lack of opportunity for reversal, inverse endoprostheses should only be implanted by surgeons with specific experience in this technique.
Overview
The currently available evidence cannot be used to derive any standardized, evidence-based treatment scheme for proximal humeral fractures. The introduction of fixed angle osteosynthesis has led to an extension of the indications for osteosynthesis. With the aid of these modern implants, proximal humeral fractures in younger patients can generally be treated in such a way as to make them stable for early physiotherapy; for older patients, however, the treatment remains problematic. Alternative methods such angle plate (20) , but at the cost of a higher complication rate: 30% of the patients in the surgical group had a complication requiring operative revision, compared to none in the conservatively treated group. These recent prospective trials included only small numbers of patients, and their findings therefore do not have a direct, unlimited application in clinical practice. These trials reveal possible trends and offer food for thought, but they should not be misconstrued as being more definitive than they are.
The removal of fixed angle implants must be regarded critically because of the high likelihood of complications, ranging to secondary necrosis of the humeral head. Elderly patients, in particular, should be advised not to have their implants removed unless they suffer from implant-specific symptoms or an arthrolysis needs to be performed.
Endoprostheses-Despite the availability of modern fixed angle plate and nail systems, many proximal humeral fractures cannot be adequately reconstructed. Current evidence implies that three-and fourfragment fractures of the proximal humerus should be treated with a prosthesis if the dome fragment is itself fragmented or hollow because of a loss of spongiosa, if the patient has advanced osteoporosis, or if prior osteosynthesis has failed and there is no prospect of operative revision with preservation of the humeral head (Figure 4) .
When a proximal humeral fracture is treated with a fracture prosthesis, the decisive factors for a good result are healing and correct positioning of the tubercles, restoration of the correct height of the humeral head, and correct reconstruction of both lateral offset and retroversion. Successive developments in the design of fracture prostheses have enabled these requirements to be ever more closely met.
Yet, despite these developments, a consideration of our own results together with those published in the literature reveals that the function of the shoulder joint after the endoprosthetic treatment of a fracture is often disappointingly poor, far worse than is generally seen after prosthesis implantation for omarthrosis. Patients whose fractures are treated with prostheses generally do not have much pain (21, 22) .
Many elderly patients already have a rotator-cuff lesion before they sustain a proximal humeral fracture. Ultrasonographic studies suggest that 28% of persons at age 60, 50% of persons at age 70, and 80% of persons at age 80 have a rotator-cuff tear (23) . Such patients often have worse results after treatment with a fracture prosthesis. Inverse prostheses, because of their special design, are particularly suitable for patients with a clinically relevant lesion of the rotator cuff.
Intact deltoid function is required for an inverse prosthesis to achieve a good clinical result, and therefore the functionality of the axillary nerve must as conservative treatment or the implantation of endoprostheses are now under discussion. Even though initial randomized trials showed conservative treatment to be superior to osteosynthesis for elderly patients, one must bear in mind that these trials were carried out on small, heterogeneous groups of patients with short follow-up intervals, and they did not include all treatment options. Thus, their findings cannot be generalized, but they do show that conservative therapy is, at least, a treatment option that deserves consideration. It would be incorrect to conclude that every elderly person with a proximal humeral fracture should be treated conservatively, but the trials clearly show that not every fracture needs to be operated on. Especially in elderly patients-including those with three-and fourfragment fractures-the Neer threshold values for displacements should be respected, if possible: If the patient's fracture is stable, in the sense of being a "one-part fracture" as defined by Neer, it may be treated conservatively, at least as an initial attempt.
The decision how to treat a proximal humeral fracture must always be made by an experienced trauma surgeon jointly with the patient, and should take account of the patient's individual needs and characteristics, such as his or her biological age, accompanying illnesses, bone quality, and fracture morphology. In particular, the decision whether to operate on a fracture or treat it conservatively requires a detailed assessment of fracture morphology and stability as well as extensive experience in the treatment of proximal humeral fractures, so that the patient can be adequately informed of the advantages and disadvantages of the various treatment options and the prognosis associated with each.
• The few RCTs performed to date have shown a trend in favor of conservative treatment, but the patient groups were small and heterogeneous, and the findings of these trials cannot be directly applied in clinical practice.
• Non-displaced or mildly displaced fractures can be treated conservatively.
• In younger patients, the goals of treatment are anatomical reposition and the osteosynthetic stabilization of displaced fractures. In elderly patients, primary treatment with a prosthesis may also be reasonable, depending on the severity of injury.
• Depending on the type of treatment, potential complications include shoulder stiffness, necrosis of the hu meral head, pain, infection, loss of reposition, and "cutting out."
